1. Introduction
===============

Coronary artery disease (CAD) has been well-recognized as an important cause of death worldwide.^\[[@R1]--[@R3]\]^ It is of great significance to reduce the mortality and improve the prognosis of CAD patients through the use of imaging methods, in order to comprehensively and accurately evaluate the coronary artery, and achieve its early detection and intervention. In recent years, with great progress in the hardware, software, and imaging postprocessing technology of computed tomography (CT),^\[[@R4]--[@R6]\]^ the success rate and image quality of coronary CT angiography (CCTA) have been continuously improved and have become an important means of clinical diagnosis and postoperative evaluation in CAD.^\[[@R7]--[@R9]\]^ The abdomen is the "hardest hit" by the disease due to its multiple organs. Therefore, many patients require simultaneous CCTA and contrast-enhanced abdominal CT. Traditional CT checks 2 times. This not only induces the overdose of iodine and increased risk of injection, but also brings about long inspection durations and high cost. Reducing the amount of iodine contrast agents and the burden of patients with the premise of completing the joint scanning of multiple parts of the body with high quality in 1 station has become a hot topic in the field of imaging in recent years.^\[[@R10]--[@R18]\]^ The 256-multidetector CT (MDCT) is equipped with a 16-cm wide-bodied detector, which makes it possible for a 1-stop multisite joint scan to become a reality. In the present study, 256-MDCT was used to perform a combined scan of CCTA and contrast-enhanced abdominal CT. These were compared with single-site contrast-enhanced CT to analyze the advantages of a 1-stop scan using 256-MDCT in coronary angiography combined with contrast-enhanced abdominal scan.

2. Materials and methods
========================

2.1. Subjects
-------------

A total of 20 patients who underwent coronary combined with abdominal enhanced scanning in the First People\'s Hospital of Taicang from January 2017 to June 2017 were enrolled into this study. In addition, 20 patients who underwent abdominal scans and 20 patients who underwent coronary scans were enrolled into the study. Among these 60 patients, 38 patients were males and 22 patients were females. The age of these patients ranged within 28 to 84 years old, and their average age was 59.7 ± 11.0 years old. Inclusion criteria: patients without contraindications and allergic history of iodinated contrast agent, patients without a history of severe hepatic and renal dysfunction, and patients without a history of severe cardiac insufficiency. This study was conducted with approval from the Ethics Committee of Taicang city first people\'s hospital affiliated to Suzhou University. All patients provided a signed informed consent.

2.2. Inspection methods: The inspection equipment used in the present study was 256-MDCT (Revolution CT, GE Healthcare, Milwaukee, Wisconsin)
---------------------------------------------------------------------------------------------------------------------------------------------

Single contrast-enhanced abdominal scan scheme: Scanning range was from 10 mm above the diaphragmatic surface to the lower edge of the kidney, voltage was 120 kV, and ampere was automatic mA (range: 200--500 mA). Noise Index (NI) was set at 9, detector width was 80 mm, pitch was 0.992, and the speed of the CT tube was 0.28 seconds. The scanning mode was spiral scan, and standard reconstruction algorithm was employed (adaptive statistical iterative reconstruction technique \[ASIR\]-V20%). Reconstruction slice thickness was 5.0 mm, gap was 5.0 mm, window width was 350, and window level was 50. Contrast medium administration scheme: 350 mg I/mL of iohexol was used, the total dose was 90 mL, and the injection rate was 3 to 5 mL/s. Subsequently, 30 mL of normal saline was injected. Inspection methods: The abdominal aorta was traced by automatic triggering region of interest (ROI) tracing, and the trigger threshold was 150 HU. At 0.9 seconds after reaching the threshold (breathing instructions, the patient was instructed to hold their breath), arterial phase scanning was performed. Then, venous phase scanning was performed after 40 seconds.

Scanning plan of single coronary artery imaging: The scan range was from the lower edge of the tracheal carina to the bottom of the heart. Automated tube potential selection (kV Assist) and automatic Smart mA (range: 200--650 mA) were adopted. NI was set at 22, detector width was 140 to 160 mm, and the speed of CT tube was 0.28 seconds. The scanning mode was axial scan, and the soft tissue reconstruction algorithm was employed (ASIR-V50%). Reconstruction slice thickness was 0.625 mm, window width was 800, and window level was 100. Contrast medium administration scheme: 350 mg I/mL of iohexol was used, and individualized administration was performed. The administration rate was 26.25 mg I/kg per s, and the plateau phase of administration was 9 seconds. Subsequently, 30 mL of normal saline was injected. Inspection methods: autogating was used to record and analyze the heart rate of patients, which automatically recommended the appropriate scan scheme. The aortic root was traced by automatic triggering ROI tracing, where the trigger threshold was 250 HU. At 2 seconds after reaching the threshold, the scan was triggered. During the whole process, the patient was in the state of free breathing. After completion of the inspection, the appropriate phase images were selected for coronary surface reconstruction and volume rendering (VR).

Combined scan scheme: The scan range included the chest and abdomen. Plane 1 was a nonenhanced abdominal scan (it was the same with the single abdominal scan), and Plane 2 was a coronary axial scan (it was the same with the single coronary scan). This was rapidly switched to spiral scan mode after the end of the scan, with a switching time of 1.7 seconds. Then, Plane 3 abdominal arterial phase scanning was performed, and venous phase scans were performed after 40 seconds. Administration mode of contrast agent: 350 mg I/mL of iohexol was used, and the total dose was 90 mL. The dose of the drug required for the coronary axial scan was calculated according to the individualized administration scheme (26.25 mg I/kg per s \[body weight\], for 9 seconds). After the end of the injection, the remaining contrast agent was immediately injected at a rate of 4 mL/s, and 30 mL of normal saline was additionally injected. During the whole scan, the patients were kept in a free breathing state.

2.3. Image processing
---------------------

Abdominal images were reconstructed according to a slice thickness of 5 mm and a gap of 5 mm. Standard algorithm was employed (ASIR-V20%). Window width was 350, and window level was 50. A group of images on a certain phase that could well display the 3 coronary arteries were selected for thin-slice reconstruction. The slice thickness was 0.625 mm. Soft tissue reconstruction algorithm was employed (ASIR-V50%). Window width was 800, and window level was 100. The Auto Coronary Analysis tool in Advantage Workstation 4.6 (ADW4.6, GE Healthcare, Milwaukee, Wisconsin) was used for the postprocessing of images. The postprocessing methods mainly included the following: curved planar reconstruction, multiplanar reconstruction, VR, and maximum intensity projection ROI VR.

2.4. Image quality scores and analysis
--------------------------------------

All images were independently interpreted using the double-blind method by 2 senior attending physicians with rich experience in coronary diagnosis. The coronary images were subjectively scored based on the right coronary artery (RCA), left anterior descending coronary artery (LAD), and left circumflex coronary artery (LCX). The 5-point scoring system for the image quality of each coronary artery^\[[@R19]\]^: with the presence of a motion artifact in each coronary artery as a scoring standard (1--5 points), 5 points indicate no motion artifact, 4 points indicate slight motion artifact, and 3 points indicate mild motion artifacts (these can be used for diagnosis); 2 points and 1 point indicate obvious and severe motion artifacts, respectively (these cannot be used for diagnosis). In patients with 1 point, vascular split-level was severe, severe blurred shadows were present around the vessels, and it was difficult to distinguish blood vessels from its surrounding tissues. This cannot be used for diagnosis. In patients with 2 points, severe blurred shadows could be observed around the blood vessels. This cannot be used for diagnosis. In patients with 3 points, slight blurred shadows could be observed around the blood vessels, and the development of the lumen was good. This can be used for diagnosis. In patients with 4 points, vascular split-level was not obvious, the distributions were relatively continuous, and slightly blurred shadows were present around the vessels. This can be well used for diagnosis. In patients with 5 points, the edges of the vessels were sharp, there was no split-level artifact, and the distributions were continuous. This can be used for definite diagnosis.

2.5. Statistical analysis
-------------------------

Data were statistically analyzed using statistical software SPSS 19.0. The homogeneity of the subjective scores of image quality provided by the 2 physicians was analyzed using kappa test, where κ \> 0.75 was considered highly homogeneous. The mean values and standard deviations (SDs) of CT, signal-to-noise ratio (SNR), and CTDI values of images in the 3 groups were analyzed and calculated; the obtained measured data were expressed as mean ± SD (X ± SD), and these were evaluated using independent sample *t* test. *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Evaluation of the general condition
----------------------------------------

The difference in age among these 3 groups was not statistically significant (*P* \> .05). The difference in body mass index (BMI) between group A and group B1 was not statistically significant. BMI was higher in group A (25.59 ± 1.88) than in group B2 (23.17 ± 2.93). The difference in heart rate between group A and group B1 was not statistically significant (Table [1](#T1){ref-type="table"}).

###### 

Evaluation of the general condition (![](medi-97-e11651-i001.jpg)).
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3.2. Analysis of objective data
-------------------------------

The CT and SNR values were higher in group B1 (CT: 394.65 ± 59.23, SNR: 17.38 ± 4.13) than in group A (CT: 360.35 ± 34.16, SNR: 13.76 ± 1.84) (*P* = .03 and .01). The differences in arterial phase CT value, SNR value, and venous phase CT value between group A and group B2 were not statistically significant (*P* \> .05), and the venous phase SNR value was higher in group B2 (12.50 ± 2.43) than in group A (10.89 ± 2.03 (Table [2](#T2){ref-type="table"}).

###### 

Image quality assessment table (![](medi-97-e11651-i002.jpg)).
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3.3. Image quality scores
-------------------------

The quality of images in groups A and B1 met the requirements of diagnostic imaging (≥3). The homogeneity of all data provided by the 2 physicians was good (κ = 0.83). The differences in quality scores among images of RCA, LAD, and LCX were not statistically significant (*P* \> .05, Table [3](#T3){ref-type="table"}). There was no respiratory artifact in the subjective evaluation of enhanced abdominal images. Hence, this could be well used for diagnosis (Figs. [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}).

###### 

Subjective image quality assessment form of coronary artery (![](medi-97-e11651-i003.jpg)).
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![Coronary artery images for combined scanning. Images of the same patient undergoing combined scanning are shown (male, 71 years old). (A--C) The LCX, LAD, and RCA of this patient are shown. The quality of the image is good, and the scores were 5, 4, and 4 points, respectively. LAD = left anterior descending coronary artery, LCX = left circumflex coronary artery, RCA = right coronary artery.](medi-97-e11651-g004){#F1}

![Abdominal images for combined scanning. (A, B) The sagittal and coronal images of the abdomen of a patient are shown. There was no respiratory artifact on the images, which meet the diagnostic requirements.](medi-97-e11651-g005){#F2}

![Coronary axial images. (A, B) Coronary axial images for combined scanning are shown. The radial artifacts produced by the dense contrast agent in the superior vena cava could be observed. This may affect the signal-to-noise ratio of the coronary artery images. (C, D) The axial images in single coronary scanning are shown. After dilution by normal saline (NS, 0.9% sodium chloride in water), no artifact was found in the superior vena cava.](medi-97-e11651-g006){#F3}

3.4. Evaluation of radiation dose
---------------------------------

The differences in CTDI and DLP values between group A and group B1 were not statistically significant (*P* = .64 and *P* = .71). The CTDI value was higher in group A (9.09 ± 1.05) than in group B2 (8.23 ± 1.33) (*P* = .03, Table [2](#T2){ref-type="table"}).

4. Discussion
=============

With the continuous update and development of CT technology and equipment, CCTA has been widely applied in clinic. Compared with DSA and cardiac ultrasound, CT has the advantages of quickness, convenience, noninvasion, and high specificity. Therefore, it has gradually become the first choice for coronary heart disease screening and the postoperative evaluation of coronary stent implantation.^\[[@R20]--[@R24]\]^ However, many patients go to hospital for examination due to more than 1 factor. A large number of patients need to undergo simultaneous enhanced abdominal CT scans based on CCTA. Traditional enhanced CT requires several checks, and patients are injected twice in the CT room, causing the dose of the contrast agent to be high. Single axial scanning using a 16-cm wide-bodied detector in Revolution CT can cover the heart, liver, and other organs.^\[[@R25]--[@R26]\]^ In addition, the speed of the tube is only 0.28 s/r, and the snapshot freeze in coronary angiography and the ASIR greatly improve the temporal resolution of CT images.^\[[@R27]--[@R29]\]^ Thus, under the precondition of a single injection of contrast agents, there would be enough time to complete the abdominal scan after coronary angiography. This would effectively reduce the dose of the contrast agent, save on inspection cost, and reduce contrast agent-related side effects and potential risks. The objective of the present study was to attempt to combine CCTA and contrast-enhanced abdominal CT scans using Revolution CT, compare the results with those of the single-site enhanced CT, and analyze the advantages of Revolution CT 1-stop scanning in coronary angiography combined with enhanced abdominal scan.

The results of the present study revealed that the difference in image quality scores of coronary arteries between these 2 groups was not statistically significant. These results reveal that images obtained by combined scanning meet the diagnostic requirements. Causes for lower CT and SNR values compared with single coronary imaging: during the single coronary scan, the patient was injected with 30 mL of normal saline after individualized administration, in order to dilute the contrast agent in the superior vena cava. For the combined scan, an arterial phase abdominal scan was immediately performed after coronary imaging, no normal saline was injected for dilution, the contrast agent in the superior vena cava was thicker, and the formed radial artifact affected the measurement of CT and SNR values in the adjacent aorta. Differences in the measured CT and SNR values of the abdominal aorta and portal vein CT value were not statistically significant. The reason for this is that the difference in BMI induced the CTDI value in the single enhanced abdominal scan to be lower than that of the combined scan. The SNR during the portal phase scan in the single enhanced abdominal scan was higher than that of the combined scan. The reason may be that there was a time interval between continuous administrations during the combined scan, and the density of the intravascular bolus injection was not as high as that of the single abdominal scan.

Advantages of the present study: CCTA scanning could be rapidly performed and has high success rate. It can complete the whole scanning of the heart in 1 heartbeat cycle, there is no respiratory artifact on the images when combined with enhanced abdominal scan, and the subjective and objective data of images in these 3 groups were equivalent. This could all meet diagnostic requirements, and had high clinical feasibility. The coronary and abdominal enhanced images could be obtained with only 1 injection of the contrast agent. Hence, the dose of the contrast agent was reduced, and inspection cost and time were saved.

The deficiencies of the present study: The sample size was small. Hence, there is a need to further accumulate cases to confirm the reliability of this study. This study focused on image quality, and did not evaluate the influence of circulatory system diseases, primary heart diseases, and changes after intervention on imaging quality.

In summary, the scanning mode can be quickly switched during the scan using Revolution CT, due to its rapid response and wide-bodied characteristics. Therefore, the combined scanning of CCTA and enhanced abdominal CT can be completed in 1 station. This allows for the high success rate of the examination, reduces the number of examinations, and decreases the dose and risk of injection of the contrast agent. This would be helpful for patients to obtain diagnostic images in time.
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